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Abstract 
PURPOSE: To assess the stability of the Akreos AO intraocular lens (IOL) platform, with a 
simulated toric design, using objective image analysis.  
SETTING: Six hospital eye clinics across Europe. 
METHODS: IOLs with orientation marks were imaged in 107 patients aged 69.9 ± 7.7 years 
implanted monocularly with Akreos AO aspheric IOLs at 1-2 days, 7-14 days, 30-60 days and 
120-180 days after implantation. The axis of rotation and IOL centration were objectively 
assessed using image analysis.  
RESULTS: The image quality was sufficient for IOL rotation analysis in 91% of eyes. The 
average rotation between the first day after implantation and 120-180 days was 1.93  2.33, 
with 96% of IOLs rotating <5 and 99% rotating <10. There was no significant rotation between 
visits and there was no clear bias in the direction of the rotation. In 71% of eyes, the dilation and 
image quality was sufficient for image analysis of centration.  The average change in centration 
between the first day after implantation and 120-180 days was 0.21  0.11 mm, with 100% of 
IOLs decentring <0.5 mm. There was no significant decentration between visits and there was 
no clear bias in the direction of the decentration. 
CONCLUSIONS: Objective analysis of digital retroillumination images taken at different post-op 
periods shows the Akreos AO platform to be stable in the eye. Therefore, it is suitable for the 
application of a toric surface to correct corneal astigmatism. 
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The prevalence of corneal astigmatism, greater that 1.50 DC, is estimated to be 22%.1 
Uncorrected astigmatism reduces visual acuity and increases spectacle dependence; this can 
reduce quality of life2 and increase overall economic costs.3 Correcting astigmatism at the time 
of surgery removes the problem of meridonal magnification caused by spectacle astigmatic 
correction, which distorts shape and affects spatial perception.4  
  
Corneal astigmatism following cataract surgery can be corrected either with corneal or limbal 
relaxing incisions5,6 or with a toric intraocular lens (IOL). Correction of astigmatism on the 
cornea relies on a predictable corneal healing response, which can be capricious especially with 
high levels of astigmatism.7 Toric IOLs promise a more stable correction of astigmatism for 
cataract patients  as long as the lens is correctly positioned and does not rotate. There is a 
sinusoidal relationship between the amount of axis misalignment and the residual cylinder 
power; therefore, small misalignments cause disproportionably larger losses of cylindrical 
effect.8 If a cylindrical correction rotates 30 off-axis after surgery, there will be no correction of 
the astigmatic power, although the resultant cylinder will have shifted to a new axis.9 
  
The first described posterior chamber toric IOL was the Nidek Toric NT-98B.10 This was a 13.5 
mm long three-piece lens with loop haptics. However, over one-fifth of these lenses rotated by 
more than 30.10 Since the introduction of the NT-98B, there has been much advancement in 
toric IOL technology. The first commercially available posterior chamber toric IOL was the 
STAAR 4203TF, which had silicone plate haptics. Several studies have shown a relatively high 
incidence of postoperative axis rotation of this IOL (Table 1). A longer 11.2 mm version of the 
STAAR 4203TF IOL was later introduced (AA4203TL) giving more stable results compared with 
its shorter   predecessor.15  
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The Alcon AcrySof SN60T(models 3,4 and 5) achieved FDA approval in 2005 and is the current 
first-choice toric IOL.28 The FDA trial on 244 subjects found 81.9% of lenses rotated less than 5 
and 97.1% less than 10. The rate of extraction or reposition of this lens is between 0.8% (FDA 
trial 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cftopic/pma/pma.cfm?num=p930014s015 
accessed on the 10/08/09) and 1.1%.29 There are several other non-FDA approved Toric IOLs 
currently available in Europe with a variety of different haptic designs.25,30 Toric IOLs have 
shown to be effective in correcting irregular as well as regular astigmatism.31 Previous published 
studies have seldom assessed positional stability as well as rotational stability.32  
The purpose of this study is to determine the rotational stability and centration of the Akreos AO 
aspheric IOL platform over a 6-month period following implantation to determine if it would be a 
suitable and effective medium for correcting astigmatism through the application of a toric 
optical surface. 
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Method 
One hundred and seven patients were implanted monocularly with the fifth generation Akreos 
AO aspheric IOL (Bausch and Lomb, Rochester, New York) with orientation marks in one eye at 
six hospital sites across Europe. Inclusion criteria included age-related cataract amenable to 
treatment with standard phacoemulsification and IOL implantation, and pupils which could be 
dilated to at least 5mm. Subjects were aged 69.9 ± 7.7 years (range 51 to 87 years) and 63% 
were female. 
 
The acrylic, hydrophilic lens has a 6 mm optic with a 360 posterior square edge barrier 
attached to 11 mm closed loop haptics. . The optic has aspheric surfaces aiming to induce no 
IOL aberrations. Preoperatively conjunctival markings were imprinted on the IOL to form a 
reference point for the IOL alignment. A 5.5 mm continuous curvilinear capsulotomy was used 
through which phacoemulsification was performed. Once the capsular bag was filled with a 
viscoelastic substance, the lens was inserted using an Akreos single use insertion device 
through a 2.8 mm incision and the viscoelastic device aspirated from in front and behind the 
lens. 
 
Patients were dilated using phenylephrine 2.5% and tropicamide 1.0% at 4 post operative 
appointments. These appointments were conducted 1-2, 7-14, 30-60 and 120-180 days after 
IOL implantation. The intraocular lens was imaged at 10x magnification in retroilluminantion 
using a CSO SL-990 digital slit-lamp biomicroscope (Construzione Strumenti Oftalmici, 
Florence, Italy). Informed consent was obtained from all participants prior to lens implantation 
and the study was approved by ethical committees at each of the sites. 
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The axis of rotation of the IOL was determined from the digitally captured image by drawing a 
line to join the IOL orientation marks. This was normalised for any rotation of the eye in front of 
the slit-lamp between visits by comparing the axis of a line joining two consistent conjunctival 
vessels or iris features on opposite sides of the pupil margin. The reference markers needed to 
be visible on the images captured at every follow-up visit and allowed rotation to be assessed at 
each visit in 97 of the 107 eyes. The centre of two ovals overlaid to circumscribe the IOL optic 
edge and the limbus, respectively, were compared to determine the IOL centration. Pupil 
dilation was only sufficient for centration to be quantified in 76 of the 107 eyes. This technique 
has previously been evaluated and showed excellent repeatability.32 
  
 
Statistical Analysis 
To assess rotation, the toric mark orientation, compensated for head rotation, at each visit was 
subtracted from the value obtained 1-2 days after surgery. Repeated measure analysis of 
variance was used to assess orientational stability between visits. The IOL centration with 
respect to the limbus at each visit was subtracted from 1-2 days after surgery to assess 
decentration. Repeated measure analysis of variance was used to assess locational stability 
between visits.  
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Results 
The average and range of rotation at each visit compared to 1-2 days after surgery is displayed 
in figure 1. All lenses rotated <5 between 7-14 days and 1-2 days (absolute rotation 1.03 ± 
1.08º). By 30-60 days after implantation 3% of eyes had rotated between 5 and 10 (absolute 
rotation 1.53 ± 2.16º) and this remained stable up to 120-180 days (absolute rotation 1.93 ± 
2.33º). One lens (1%), in an eye that was clearly inflamed, rotated more than 10 by 30-60 days 
but subsequently remained stable. There appeared to be no strong bias in the direction of the 
rotation, with 60% rotating clockwise. There was no significant rotation between day 1-2 and 
day 120-180 (F = 0.96, p = 0.412).  
 
Decentration on implantation was generally superior (0.18 ± 0.17 mm) nasal (0.19 ± 0.15 mm). 
Total absolute decentration values were 0.31 ± 0.13 mm at 1-2 days, 0.30 ± 0.13 mm at 7-14 
days, 0.30 ± 0.14 mm at 30-60 days and 0.28 ± 0.12 mm at 120-180 days. There were no 
significant changes in IOL centration with time (F = 1.61, p = 0.09), with subsequent 
decentration appearing random in direction (Figure 2). All lenses remained within 0.5 mm of 
their 1-2 day position at all visits average 0.21 ± 0.11 mm. 
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Discussion 
The literature seems to support four main mechanisms resulting in IOL rotation after 
implantation: The first is caused by the initial friction between the IOL haptics within the capsular 
bag relating to IOL and capsule size and residual viscoelastic; the second is due to instability of 
the anterior chamber related to post-operative intraocular pressure changes and ocular trauma; 
the third is influenced by the lens design and level of fibrosis; the final cause is compression of 
the IOL haptics from capsular bag shrinkage. 
 
Movement of IOL haptics within the capsular bag tends to occur during the early postoperative 
period before fusion between the capsular bag and IOL haptics.33 Maximising friction between 
haptic and capsular bag can reduce this early rotation. Several mechanisms can be employed 
to increase the friction. A larger lens diameter ensures more contact with the capsular bag and, 
therefore, more friction; however, if too large, distortion of the capsular bag and zonules 
occurs.34 Unfortunately, it is difficult to establish the size of the capsular bag in the clinic pre-
operatively and a reliable link between accessible ocular measurements and capsular bag size 
are yet to be confirmed.35 Haptic materials need to be considered as these also affect the 
amount of friction: PMMA gives the most adhesive force between bag and haptic, followed by 
foldable Acrylic with silicone the least.36. Care needs to be taken to remove completely the 
ophthalmic viscoelastic device (OVD), which coats the IOL, decreasing friction and thus allowing 
easy manipulation.37 OVDs vary in viscosity and the type of OVD used may influence the 
amount of rotation.15 
  
Intraocular pressure can fluctuate in the early period after cataract surgery causing increased 
fluid flow within the anterior chamber. In uneventful cataract surgery, IOP can drop to below 5 
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mmHg in 6.3% of patients38. Hypotony causes destabilisation of the anterior chamber reducing 
its integrity and, therefore, resulting in a higher risk of rotation.39 Post-operative ocular trauma 
can also cause IOL rotation. If the force on the eye is sufficient to cause significant wound 
leakage then large degrees of IOL rotation can occur.39 
  
Positioning holes, present on many plate haptics, can increase stability. Capsular fibrosis and 
proliferative lens cortical material migrate through the positioning holes creating an effective 
anchor. The larger the positioning holes, the more material migrates through them, 
strengthening the fixation of the IOL with capsule therefore increasing long-term stability and 
could help resist the effect of traumatic forces. This fibrosis typically takes 2 weeks after 
implantation to establish.40 If a toric lens is misaligned it is easier to reposition the IOL before 
this fibrosis occurs.29 
 
Capsular shrinkage compresses on the IOL haptics and, depending on the design, can cause 
rotation. Plate haptic lenses have no preference in their direction of rotation and show good 
stability with capsular compression.16 Open loop haptic IOL’s however can rotate with capsular 
compression. If sufficient friction between the haptics and capsule occurs, then the lens optic 
rotates clockwise (presuming the haptics are directed anticlockwise) under compression. If 
insufficient friction is present, however, then the haptics slip causing an anticlockwise rotation;41 
this pattern of rotation has been demonstrated in vivo.34,42 
 
The rotational stability and centration of the Akreos AO platform as assessed by an established 
sensitive and repeatable objective technique was as good, or better than, previously studies 
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toric IOLs (Table 1). The 11 mm length of the IOL and acrylic material should maximise early 
friction with the lens capsule. The 4 large positioning holes should be anchored by fibrosis 
migration. These features of the first closed loop haptic design to be examined for rotational 
stability, show it to be resilient to potential rotation caused by compression of the capsular bag. 
The lens was shown to provide excellent rotational stability with only 4% of lenses rotating more 
than 5 degrees (with no systematic direction of rotation) and 1% more than 10 degrees. This 
would result in the effectivity of the toric power being reduced by just 6.7 ± 8.0% over the 6 
months8. The effect of IOL decentration and tilt has previously been examined on spherical and 
aspherical IOLs using Scheimpflug imaging and bespoke systems utilising Purkinje images.43 
Lens tilt can induce coma aberrations, but the effect of decentration is difficult to predict; it is 
dependent on the shape factor of the IOL.44 Despite the reference for centration differing 
between studies between the pupil and corneal center or visual axis, centration results from this 
study compare well with modern studies on aspheric IOLs where no higher order aberrations 
were induced by increased decentration.45  
 
Although the IOL did not have a toric optic, it is not expected that the change in thickness profile 
when this is added would have a significant effect on rotational stability or centration. 
Consequently, the Akreos AO should provide an excellent rotationally and centration stable 
platform with which to correct corneal astigmatism through the application of a toric optical 
surface. 
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FIGURE LEGENDS 
Figure 1: Box and whisker plot of rotation of the IOL at each of the visits compared to day 
1-2 post-implantation. Box indicates standard deviation around mean line and bars denote 95% 
confidence intervals. n=97.  
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Figure 2: Vector graph showing the change in IOL centration over the course of the 6 
months after implantation. Vector length indicates the magnitude of the centration shift and the 
vector orientation, the direction of the centration shift n=76. 
 
 
